Background: This study aimed to identify prognostic factors for outcome in Tunisian patients with nonmetastatic inflammatory breast cancer (IBC) receiving multimodality therapy.
Introduction
Inflammatory breast cancer (IBC) appears to be the most aggressive presentation of primary breast cancer. Rapid disease progression and early distant dissemination are well-described hallmarks of IBC, and hence prognosis is worse than in non-IBCs. Clinically, IBC is characterized by diffuse erythema and edema of the skin of the breast, called 'peau d'orange', with or without associated palpable mass. The clinical appearance is due to pathologic plugging of the dermal lymphatics of the breast with tumor emboli but its documentation is not necessary for a diagnosis of inflammatory breast carcinoma [1] .
IBC is a relatively rare form of breast cancer. Possibly because of varying case definitions, population-based estimates for IBC incidence range widely from <1% to 10%. Using data of the Surveillance, Epidemiology and End Results (SEER) program on the basis of a more conservative definition of IBC, the international classification of disease for oncology (ICD-O-2) has shown an incidence of 0.5% and 0.7% in white and black women, respectively [2] . More recently, population-based studies conducted in the USA have indicated that IBC accounts for 1%-1.3% of all breast cancers [3] .
In Tunisia, a high incidence of IBC was reported in the 1970s, with numbers up to 50% [4] . This incidence was calculated using the French PEV (for 'poussée evolutive') breast cancer classification system [5] . IBC corresponded to PEV2 or PEV3, but most PEV2 cases, defined as tumors with associated inflammatory signs involving the skin of less than half of the breast surface, were actually neglected tumors. Since the 1990s, we have used the International union against cancer T4d definition, and only PEV3 tumors have been considered as true IBC. An epidemiologic study which reviewed all new cases of breast cancer diagnosed in 1994 in the country reported an incidence of IBC cases up to 6.2% [6] .
The management of IBC has substantially evolved over the past three decades. Before the availability of combination chemotherapy, IBC was almost uniformly fatal. Local treatment modalities alone-surgery, radiotherapy (RT) or surgery and RT-achieved >5% 5-year disease-free survival (DFS). The addition of systemic chemotherapy to locoregional therapy improved patient DFS rates up to 30%-50% at 5 years [7, 8] . The current strategy combining neo-adjuvant chemotherapy with anthracycline-based regimens followed by radical mastectomy and RT has proved successful. The outcome of patients with IBC, however, remains worse than with other breast cancers.
At the Salah Azaiz Institute [National Cancer Institute (NCI) of Tunisia], we have significant experience with this rare disease, with 30 new cases each year [9] . Since the 1970s, different combined modality protocols have been used [10] [11] [12] .
The aim of the current study was to describe the clinicopathologic characteristics of a relatively large and homogeneous series of true nonmetastatic IBC patients over a period of 7 years, and to analyze prognostic factors and survival in the context of multimodality therapy.
patients and methods

patient population
The medical records of 100 patients with IBC treated with curative intent at the Salah Azaiz Institute from 1994 to 2000 were reviewed. IBC cases were identified according to consistent inclusion criteria on the basis of the signs of inflammation (i.e. erythema, skin edema or peau d'orange and ridging) confirmed by biopsy (i.e. microscopic identification of carcinoma with or without malignant invasion of the breast dermal lymphatic ducts). Staging work-up included clinical examination, chest X-radiograph, bone scintigraphy and abdominal ultrasound. Patients with supraclavicular metastases at the time of diagnosis were excluded, consistent with the fifth edition of the American Joint Committee on Cancer (AJCC) classification system [13] . Baseline clinicopathologic information was collected at the time of diagnosis, before treatment. according to the criteria of the US National Institute of Health/National Heart Lung and Blood Institute (NCI/NHLBI) [14] . Pathologic response was assessed for 93 patients who underwent surgery after neo-adjuvant chemotherapy using Chevallier classification [15] , and pathologic complete response (pCR) was defined as grade 1.
treatment
Of the 100 patients, 99 received anthracycline combination chemotherapy based upon either epirubicin (FEC 100, FEC 75 or FEC-HD) or doxorubicin (FAC 50). Patients included in the GC303 trial (n = 36) [12] were randomized to receive four cycles of FEC-HD (n = 20) or FEC 75 (n = 16). The other patients received a maximum of six cycles.
Following completion of chemotherapy, patients received locoregional therapy as follows: all patients were offered radical mastectomy and homolateral axillary clearance when feasible (n = 93). Locoregional RT was delivered to the internal mammary chain, the chest wall and the supraclavicular area after surgery (n = 81) or after neo-adjuvant chemotherapy (n = 3) when surgery was impossible (tumor adherence to chest wall). Maintenance chemotherapy was administered to 84 patients. Patients included in the CG303 trial received four cycles of FEC 75. The other patients received FEC 100 (n = 40), FAC (n = 6), navelbine-cisplatin (n = 1) and docetaxel (n = 1). In summary, 79 patients received trimodality treatment (neo-adjuvant chemotherapy, mastectomy and RT). Patients with unknown or positive ER status (n = 60) received adjuvant hormone therapy consisting of tamoxifen alone (20 mg/day for a period of 5 years) (n = 31), tamoxifen associated with ovarian ablation/suppression (n = 15) or ovarian ablation/suppression alone (n = 14).
statistical analysis
All assessable patients were entered into the analysis using SPSS 12.0 software (SPSS, Inc., Chicago, IL). Median follow-up time corresponded to the median time of follow-up for living patients. Progression-free survival (PFS) was defined as the time from diagnosis to first recurrence (local, regional or distant) or death for any cause. Overall survival (OS) was defined as the time from diagnosis to death or last contact. Survival estimates were computed using the Kaplan-Meier method, with comparison between curves calculated by the log-rank test. For survival analysis, potential continuous explanatory variables were converted to categorical data using median values as cut-off points. The prevalence of the following prognostic factors was analyzed: age, pregnancy, menopausal status, BMI, clinical response, pathologic response, nodal stage, neoadjuvant chemotherapy regimen and hormone therapy. For multivariate analysis of survival, after comparing ln-ln survival curves to check the proportional hazards assumption, we used Cox proportional hazards modeling and the likelihood ratio to evaluate survival differences between the different groups (backward Wald method). A setup procedure was used and variables were added to the model if the two-sided significance level was <0.1 in univariate analysis. To control for potential confounding factors, we adjusted hazard ratio (HR) estimates per chemotherapy protocol and hormone therapy, whether these factors were statistically significant in the model or not.
We also evaluated through univariate and multivariate analysis the relationship with pCR to the following baseline features: age, menopausal status, BMI, histologic type, pathologic tumor size, Scarff Bloom and Richardson (SBR), node involvement, vascular and lymphatic embols, clinical complete response (cCR), induction chemotherapy regimen and hormone therapy. For multivariate analysis, backward method was used entering the variables with P < 0.2 at univariate analysis. Odds ratio (OR) and its 95% confidence interval (CI) were calculated. Table 1 .
Ninety-nine patients started primary chemotherapy and all but one received at least two cycles, with a median number of four cycles. Ten patients were treated with FAC 50 (10%), 45 with FEC 100 (45%), 16 with FEC 75 (16%) and 28 with FEC-HD (28%). Only one patient had up front mastectomy because of contraindication to anthracyclines. After chemotherapy, 93 patients underwent radical mastectomy original article Annals of Oncology associated with axillary lymph node dissection (n = 91). Adjuvant RT was administered to 83 patients.
Most of the patients with known ER status were negative (71%). After neo-adjuvant chemotherapy, pathologic tumor size was known in the majority of cases (77%). Median tumor size was 5.0 cm (range 0-15 cm). The median number of nodes removed was 13 (range 0-30). Patients were more likely to have positive axillary lymph nodes (91%).
response to induction chemotherapy
Among the 99 patients who received neo-adjuvant chemotherapy, 93 were assessable for clinical response. Forty-seven (50%) achieved objective tumor response, including nine (10%) patients with cCR. Of the 93 patients who underwent radical mastectomy (93%), 18 had pCR (20%). In multivariate analysis, factors associated with pCR included age superior to 45 years old (OR = 10.060, 95% CI = 1.841-54.968, P = 0.008), node involvement (OR = 0.009, 95% CI = 2.310-310.140, P = 0.009) and cCR (OR = 9.378, 95% CI = 1.145-76.844, P = 0.037) ( Table 2) .
IBC and pregnancy
In our series, 10 patients had a diagnosis of IBC during pregnancy (n = 2) or lactation (n = 8). Median age was 35 years (30-53 years). ER status was known in five patients and were all negative. The majority of tumors were invasive ductal carcinomas (9 of 10). After neo-adjuvant chemotheray, all the patients underwent radical mastectomy. There was one pCR. Median pathologic tumor size was 5 cm (2-13 cm). Lymph node status was known for nine patients, of whom eight (88%) were node positive.
All but one patient relapsed with a median delay of 9 months. Most of the relapses were locoregional (7 of 9). Median OS and DFS were 12 and 9 months, respectively. outcome Median time of follow-up for surviving patients was 44 months (range 5-116 months). The 3-year PFS was 28% and the median time to recurrence was 15 months. Seventy-one patients (71%) developed recurrent disease. There were more failures with distant metastases alone (37%) than with locoregional disease progression alone (24%) or with both local and distant metastases (10%). All but one relapse occurred in the first 5 years.
Seventy patients died (70%), with a 3-year survival rate of 44% and a median survival of 30 months. Potential prognostic factors were examined to determine whether any patient-related or treatment-related factor was predictive for outcome. These factors are listed in the 'patients and methods' section. Patients with cCR, pCR, negative nodes and those who received hormone therapy had improved 3-year OS (Figures 1-3 ; Table 3 ). Among the 57 patients with known hormonal status, positive ER was correlated with improved survival. For premenopausal women, pregnancy status was associated with lower survival (median OS, 12 versus 41 months, P = 0.0095). Age, SBR grade, menopausal status, BMI and type of initial chemotherapy regimen were not significantly associated with OS.
Factors that were found to be associated with better 3-year PFS included cCR, pCR, negative nodes, tumor size and hormone therapy (Figures 1-3 ; Table 3 ).
multivariate analysis of survival
A multivariate analysis was carried out to identify independent prognostic factors. Three parameters remained significantly associated with survival: cCR, negative nodes and hormone Similarly, patients who received hormone therapy had better DFS (HR = 2.17, 95% CI = 1.26-3.72, P = 0.005) and OS (HR = 3.07, 95% CI = 1.75-5.39, P < 0.001) ( Table 4) .
discussion
Patients with IBC have substantial risks of recurrence and death. Here, we present the data of a series of nonmetastatic IBC patients homogeneously treated with multimodality therapy. Patients presenting with supraclavicular lymph node metastases were not included in the study cohort because they were considered as having metastatic disease according to the fifth AJCC classification and were treated accordingly. This rare disease accounts for 6% of all breast cancers in Tunisia [6] , which is one of the highest incidences reported in the literature [2, 16] . Women in our series were mostly overweight (34%) and obese (42%) according to the NCI/NHLBI criteria. A study of the M.D. Anderson Cancer Center has shown that high BMI is associated with an increased risk of IBC [17] . It has been indicated that key carcinogenic events probably occur before rather than after the menopause [18] and reproductive hormones are implicated in the initiation and progression of IBC. The high rate of obesity and overweight (up to 50%) observed in women in Tunisia, due in part to high fat intake [19] , could at least partly explain the relatively high incidence of IBC in this population. 
original article Annals of Oncology
Patients in our series were younger than those reported in the literature [16] , with a median age 44 years associated with predominance of premenopausal status (70%). The younger age of Tunisian patients treated for breast cancer has been reported previously. The mean age of patients is 50 years [6] with 10% younger than 35 years [20] . Furthermore, a recent study comparing IBC in Tunisia and Egypt has shown differences in mean age (respectively, 47.9 versus 51) and premenopausal status (59% versus 44%) [21] . Altogether, these data confirmed the specific epidemiological context in Tunisia.
The relationship between pregnancy and IBC remains controversial. We have observed a context of pregnancy in 10 patients (10%). Many anecdotal reports have indicated that IBC was more likely during pregnancy [16] . A case-control study has shown that the prevalence of IBC in the pregnant-associated (PA) group was higher than the non-PA group (26% versus 9.1%, P < 0.0001) [22] . Also, a previous Tunisian study reported that 30% of the PEV+ tumors in premenopausal women were associated with pregnancy versus 13% of the PEV2 tumors [23] . One hypothesis is that hormonal and immunologic changes associated with pregnancy could promote the growth and spread of breast cancer.
In our series, pregnancy status was associated with poorer survival among premenopausal women (median OS, 12 versus 41 months, P = 0.0095). The prognosis for breast cancer is generally thought to be worsened by the coexistence of pregnancy. Delay in diagnosis is frequent. The average time from the onset of symptoms to diagnosis is much longer in pregnant than in nonpregnant women: 11 versus 4 months [24] . This delay when observed in IBC could at least in part explain the poorer outcome observed in this subtype of patients. 
Annals of Oncology original article
Currently, anthracycline-containing regimens are widely used as induction chemotherapy in patients with IBC because of the benefits formerly reported in larger series of standard risk breast cancers [25] . Some studies have reported that high-dose epirubicin induction chemotherapy without stem-cell support achieves up to 23% pCR with a median OS of 61 months [26] . Unfortunately, few randomized clinical trials comparing different chemotherapy regimens in IBC patients have been published.
The EORTC-NCIC-SAKK clinical trial involving 448 patients treated for locally advanced breast cancer (45% of whom had IBC) has demonstrated that dose-intensified epirubicin-cyclophosphamide provides no therapeutic benefit over FEC with no significant differences in pCR and survival rates [27] . A more recent phase III clinical trial comparing four cycles of FEC-HD (epirubicin 105 mg/m 2 ) to four cycles of FEC 75 showed up to 16.7% pCR and a 22-month median event-free survival in the FEC-HD group [12] . These results are similar to those reported in the literature using conventional FAC or FEC regimens. In our series, we did not find any impact of high-dose chemotherapy (FEC-HD) on survival and pCR.
It has been indicated that taxanes may improve outcome in IBC patients treated with anthracycline-based regimens [28, 29] . Most of the studies, however, have included limited number of patients and no randomized clinical trial has confirmed these results. Only one patient in our series received taxanes as adjuvant chemotherapy. In the 1990s, taxanes were expensive and were available at the Salah Azaiz Institute only for the treatment of metastatic patients.
Response to chemotherapy is one of the most important predictors of outcome. IBC patients with good responses who are able to complete a full course of treatment, including radical mastectomy and locoregional irradiation, have better survival, especially patients with cCR or pCR [8] . Studies from the M.D. Anderson Cancer Center have reported a 15-year survival DFS rate of 44% for patients in complete response to any induction chemotherapy versus 0% for those with no response [7] . In the present study, we analyzed outcome as a function of pCR, defined as no pathologic evidence of cancer in the breast. Among the 93 patients who underwent radical mastectomy after induction chemotherapy, no difference was noted in the response rates based on the type of chemotherapy regimen used for induction. Eighteen patients (20%) achieved pCR. The 3-year OS and PFS of patients with pCR were significantly higher than those who had residual disease in the breast. (2) OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; CR, complete response; R, reference item; NS, not significant. Few studies were interested on predictive factors for pCR in IBC. This is probably due to the rarety of IBC and small patient population.
We found that factors predictive to pCR were age superior to 45 years old, node involvement and cCR. The 95% CI of the OR is quite large due to few events, so these results must be confirmed. These factors have been described in non-IBC. The association between pathologic-negative node and pCR has been reported in the NSABP protocol B-18 [30] . A strong relation between cCR and pCR was also reported in the analysis of this large trial [30] .
The poorer OS and DFS rates associated with lymph node metastases compared with negative lymph node status were expected. Although neo-adjuvant chemotherapy probably downstages lymph node status, as reported in non-IBC [30] , there is direct relationship between the number of involved axillary nodes and the risk of recurrence.
In this study, we found that hormonal receptor status is an important prognostic factor in IBC. Thirty percent of patients with known hormonal receptor status were positive for ER. Positive ER was a favorable prognostic factor for survival (P = 0.0095). Patients with ER-positive breast cancer had 55% OS at 3 years, which was significantly higher than the 24% reported in ER-negative patients. These results are consistent with data of the SEER program wherein 5-year survival was 48.5% for ER-positive and 25.3% for ER-negative IBC cases [15] .
Although many studies have analyzed the role of chemotherapy, including high-dose chemotherapy with autologous stem-cell transplantation, on the outcome of IBC patients [31] [32] [33] , few studies have focused on the impact of hormone therapy [34, 35] . In many clinical trials investigating IBC, multimodality therapy did not include hormone therapy [26, 33, 36] .
By contrast, many trials have shown that hormone therapy improves survival in ER-positive non-IBC patients. Moreover, several clinical trials have shown that adjuvant endocrine therapy is at least as effective as chemotherapy in premenopausal breast cancer patients [37, 38] . Ongoing randomized trials are testing the impact of ovarian ablation or suppression, either used alone or combined with chemotherapy, and the impact of triple therapy (ovarian suppression, chemotherapy and hormone therapy). In postmenopausal women with ER-positive breast cancer, it is well established that adjuvant endocrine therapy provides the most effective results [33] . Our study showed a significant positive impact of hormone therapy on survival in IBC patients. Nevertheless, the number of patients with known ER status (n = 57) was small and we could not evaluate the impact of hormone therapy according to ER status. It would be interesting to further investigate the impact of adjuvant hormone therapy in ER-positive IBC patients.
This study is subject to the limitations of all retrospective analyses, including nonrandom treatment allocation and lack of data. It is a single-institution experience on a cohort of nonmetastatic homogeneously treated IBC patients. These patients were referred to the Salah Azaiz Institute and are thus representative of the population at large because more than half of Tunisian cancer patients are treated at our institution. The survival of Tunisian patients is poorer than that in American and European series due to many factors including more aggressive disease, socioeconomic conditions with limited access to new drugs like taxanes, capecitabine (and recently trastuzumab) and lack of supportive care services. Socioeconomic problems are not specific to Tunisia and concern most developing countries.
Although there is no standard therapy for IBC, several principles of treatment, such as anthracycline-containing neo-adjuvant regimen followed by locoregional therapy, have become an established practice. Adjuvant hormone therapy could improve outcome. Randomized clinical trials enrolling a sufficient number of patients and associating multimodalitytargeted therapies such as hormone therapy for ER-positive patients and trastuzumab or lapatinib for human epidermal growth factor receptor-positive patients are warranted.
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